Abstract This paper focuses on a computer nonlinear analysis of the formation and development of cracks in a travertine stone pavement. The causes of cracking in the upper travertine layer of the tested multi-layer floor are modeled and investigated by a computer nonlinear static analysis. The paper illustrates the setting of material characteristics of the stone in the design of the material model according to the performed destructive and non-destructive laboratory tests.
Introduction
In the normal operation of a structure, the most unfavourable load case on the floor is bending stress caused by random single loads that initiate flexural cracks. The tested floor layers greatly differ in stiffness, which causes the stress to be transferred unequally, mainly concentrated upon the rigid, easily damaged travertine slab. Consequently, even a relatively small local static load leads to the emergence of a tensile crack in the most rigid part of the cross-section. Several computer models and load diagrams were designed to simulate the formation and development of the cracks. The paper illustrates the comparison of the computer analysis with the real measurements in situ.
The multi-layer floor is composed of a stone upper layer of a thickness of 17 mm, which is fully bonded to a layer made of fibre reinforced gypsum boards. The gypsum boards of the size approximately 600 x 600 mm are joined by tongue and groove and are point-supported by steel struts mounted on a reinforced concrete slab. Steel struts are placed in a square grid that corresponds to the grid connections of the gypsum boards.
Besides the own weight, the floor is loaded mainly by human footfalls (possibly with light hand trucks for handling office materials).
Visual inspection of selected parts of the travertine pavement shown the damage by cracks in its surface. These cracks can be divided into three main groups, according to their character and assumed causes:
• cracks related to the defects of the used piece of stone ( Fig. 1) • cracks associated with the static system of the floor loaded by random single loads (Fig. 2) • cracks associated with local extreme loads With regard to the natural character of the used stone and the quality of execution we can also find a number of crack type combinations.
Most of the cracks associated with the static system of the floor are relatively narrow (about 0.4 mm) and on a colourful stone surface relatively difficult to identify. The cracks caused by the stone defects, or split edge of the board when exposed to local extreme loads, are visually more significant, mostly broader, and they usually spread outside the orthogonal grid of the floor.
Material tests
Material tests of the travertine were performed on specimens with dimensions of 300 x 300 x 17 mm, which are identical to the used pavement. The density, compressive strength, tensile strength, bending strength and static modulus of elasticity were obtained. The test results are shown in the following text.
Strip pieces of a travertine slab, with the thickness of 17 mm and the width of 39 mm (7 specimens from one plate), were used for the investigation of the tensile bending strength in the three-point bending test. Stratification, which is typical for travertine stone, produces the interesting appearance of the stone in cross-section, but also gives rise to various cavities, often quite large in size, or to forming clusters. That brings forth big differences from dense to porous structure. These structural changes, though may be only local, lead to significant variability in mechanical properties, especially strength, which can be seen on the range of the measured values.
The mean values of the examined parameters were: 
Static computer analysis
Considering the mechanical parameters of a sample travertine slab, static calculations simulating the static loading of the floor layers by bending was modeled as four squares of a side length of 600 mm with the slab overlapping of 300 mm all the way around, with a total of nine point supports. The calculation was performed for two types of multi-layer floor, so that they represented two thickness extremes of the fibre reinforced gypsum slab. The following layer structure and input parameters were used in the calculations: A computer model was assembled in the GID 11.0. The model was first exposed to a continuous planar uniform load in terms of the requirements for the design of buildings according to EN 1991-1-1 (for the corresponding category C3, the load of 5 kN/m 2 ). In the second way the same model was loaded by a single force in the middle of each square. Both models were loaded by gradually increasing load and first cracks and their subsequent development were continuously observed. Graphical outputs of the critical phases of the model calculations performed in nonlinear program AtenaWin v.4 x 64 (refer with: Fig 3) 
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Conclusions
On the basis of the examinations, tests and numerical analyses it can be stated that:
¬ The decisive cause of failure of the travertine pavement in the operational phase is bending stress by random single loads.
¬ The size of a single load initiating formation of cracks at the support point, determined by the calculation is at the level of tenths kN. This value corresponds to a possible loading by normal walking or walking while carrying heavier loads.
¬ The causes of cracks formation can also include the influence of a short-term overload during the completion of the floor, or interior installation. The local contingencies in the shape and position of cracks can also be caused by the use of a defective stone.
¬ From the point of view of the considered stress, the floor is not sufficiently resistant due to:
• insufficient stiffness of the cross-section of the gypsum layer for the used span of the steel struts, • the amount of defects and in homogeneities of the used stone, which are strongly manifested, inter alia, in relation to its small thickness . The floor, in this realization, is sufficient for the applied static load in its load bearing capacity, but it is not sufficient as for the limit state of cracks. These cracks do not directly interfere with the use of the floor, but represent defects, especially esthetic.
It is obvious that individual layers of the multi-layer floor highly differ in stiffness, which is, with the given span of the support points, the cause of uneven stress transfer, with the stress being concentrated mainly in the travertine slab. The travertine slab is very rigid, and thus transmits most of the stress. Due to its properties it is very brittle and susceptible to failure. The lower gypsum board is, on the contrary, pliable and easily deformable, not rigid enough to support the stone slab and transmit the stress. Even a relatively small static load leads to the occurrence of a tensile crack in the travertine layer. The crack first occurs on the upper surface, located at one of the supported points, and then spreads around, connecting the support points of the modelled part of the floor . By the cumulative effect of random moving actions an orthogonal grid of cracks is gradually formed along the connecting lines between the supported points. Its eventual shape deviations from the grid raster can be attributed to the variability of the mechanical properties of the particular stone.
